Abstract. Restoration of wetland ecosystems is an important priority for many state and federal agencies, as well as nongovernmental conservation organizations. The historic conversion of wetlands in the Mississippi Alluvial Valley (MAV) has resulted in large-scale implementation of a variety of conservation practices designed to restore and enhance wetland ecosystem services. As a consequence, the effectiveness of multiple approaches in achieving desired conservation goals varies depending on site conditions, practices employed, and specific ecosystem services. We reviewed government agency programs and the scientific literature to evaluate the effects of conservation practices on wetlands in the MAV. There were 68 different conservation practices applied to a combined total of 1.27 million ha in the MAV between 2000 and 2006. These practices fell into two categories: Wetland Conservation Practices and Upland Conservation Practices. Sixteen different practices accounted for nearly 92% of the total area, and only three of these are directly related to wetlands: Wetland Wildlife Habitat Management, Wetland Restoration, and Riparian Forest Buffer. All three of these practices involve reforestation, primarily planting hard-mast species such as Quercus sp. and Carya sp. These plantings are likely to develop into even-aged stands of low tree diversity with little structural heterogeneity, which will impact future wildlife habitat. Since hydrology is a critical driver of wetland processes, the ability of a given conservation practice to restore wetland hydrology is a key determinant of how well it can restore ecosystem services. However, there is little to no follow-up monitoring of projects, so it is difficult to know how much variability exists for any given practice or the efficacy of specific practices. Conservation practices that only plant trees without reconnecting the wetland to the hydrologic and nutrient fluxes in the watershed may restore some wildlife habitat but will do little for regulating services such as nitrogen retention. While conservation practices have overall beneficial effects on many ecosystem services in the MAV, the most effective are those with a direct link between the actions associated with a given practice and controls over ecosystem processes and services.
INTRODUCTION
The ecosystems that dominated the Mississippi Alluvial Valley (MAV), USA, prior to European colonization were floodplain forests and wetlands intimately connected to the Mississippi River and its tributaries. In their natural state, they were sinks for sediments and nutrients, provided temporary storage of floodwaters, stored significant amounts of carbon in tree biomass and soils, and provided extensive habitat for flora and fauna. Much of the MAV has been converted to other land uses, primarily agriculture, resulting in the loss of .75% of the riparian forests (MacDonald et al. 1979 ) with highly fragmented patches remaining (Twedt and Loesch 1999) (Fig. 1 ; see also Plate 1). This land use conversion and the resulting loss and degradation of ecosystem functions and services in the MAV are nearly unprecedented in both scale and scope.
The term ''riparian'' is widely used to generically describe the transitional area between aquatic and upland ecosystems McCormick 1979, NRC 2002) . More specific definitions have been generated depending on whether the focus is on the vegetative, hydrologic, geomorphic, biogeochemical, or ecosystem attributes (Gregory et al. 1991, Naiman and Decamps 1997) . We use the term riparian to generically describe the forests of the alluvial floodplain, also known as bottomland hardwood forests.
The extensive alteration of the MAV requires landscape-scale rehabilitation/restoration in order to restore or replace the lost and degraded ecosystem services, and large-scale efforts are focused on restoring former riparian habitats on both public (federal wildlife refuges, state lands) and private lands. More than 26 304 ha (65 000 acres) of National Wildlife Refuges in the MAV have been reforested with many projects related to carbon storage. In order to reduce nitrate levels in rivers and streams and minimize the hypoxic zone in the Gulf of Mexico, an additional 9.7 million ha (24 million acres) of created wetlands and restored riparian forests have been recommended for the entire Mississippi River Basin (Mitsch et al. 2001) . Land use practices associated with USDA conservation programs (e.g., Wetlands Reserve Program [WRP] , Conservation Reserve Program [CRP] , Wildlife Habitat Incentive Program [WHIP] , among others) will likely have the biggest impacts on the restoration and maintenance of ecosystem services in the MAV. In 1990, the Food, Agriculture, Conservation and Trade Act (U.S. Congress 1990) authorized the Wetland Reserve Program (WRP), with an emphasis on protecting and enhancing habitat for migratory birds and other wildlife. The WRP has become the major program for reforestation of forested wetlands within the MAV Keeland 1999, Schoenholtz et al. 2001) . The combined actions of the conservation programs have resulted in ;73 650 to 111 300 ha (;182 000 to 275 000 acres) of bottomland hardwood reforestation (Haynes 2004 .
The objective of the WRP is to restore and protect the functions and values of wetlands in agricultural landscapes with an emphasis on habitat for migratory birds and wetland-dependent wildlife, protection and improvement of water quality, flood attenuation, groundwater recharge, protection of native flora and fauna, and educational and scientific scholarship (USDA NRCS 2004) . The CRP has similar goals and objectives, including improving the quality of water, controlling soil erosion, and enhancing wildlife habitat. The effectiveness of these conservation programs in achieving their goals and objectives, and thereby restoring ecosystem services, is not known for wetlands in the MAV.
A comprehensive quantitative assessment of the efficacy of conservation programs would be a massive undertaking given the complexity of processes and drivers associated with the full range of services and is beyond the scope of this paper. We present here a review of the recent scientific literature in order to evaluate what is known about the effects of conservation practices on wetland ecosystem services in the MAV, identify significant gaps in our understanding, and recommend areas for future research.
THE MISSISSIPPI ALLUVIAL VALLEY

Geomorphology and hydrology
The alluvial valley of the Mississippi River begins near the confluence of the Mississippi and Ohio Rivers at Cairo, Illinois, USA, and extends 965 km south toward the Gulf of Mexico. This area is identified by several names: Mississippi Alluvial Valley (MAV), Lower Mississippi Valley, Lower Mississippi River Valley, Lower Mississippi Alluvial Valley, and Mississippi Alluvial Plain. While the northern valley boundary is clearly defined, the southern boundary has been variously described as the Gulf of Mexico, sometimes including both the deltaic and Chenier plains, or the southern extent of the Holocene-era alluvium, depending on whether a geologic, geomorphic, or geographic approach is used (Snead and McCulloh 1984 , Autin et al. 1991 , Saucier 1994 . We use the extent of the Holocene alluvium as the southern boundary of the MAV (Fig. 1 ) in this paper since the primary drivers of the ecosystem structure and functions we address result from fluvial processes and sediments in riverine forests and not marine-dominated marshes of the deltaic plain. The 10 million-ha MAV was formed by large-scale geologic processes of downwarping, glaciation, meltwater runoff, and changes in sea levels. It is dominated by Holocene-age swamps and meander belts of the Mississippi, Arkansas, and Red rivers with older upland ridges (e.g., Macon Ridge, Crowley's Ridge) and alluvial terraces above the modern floodplain (Saucier 1994) . These remnant ridges and terraces divide the MAV into six major drainage basins: St. Francis, Western Lowlands, Arkansas Lowlands, Yazoo, Boeuf, and Tensas. Stream meandering and erosion-deposition from repeated flooding events created a typical floodplain surface geomorphology with coarse-textured natural ridges, point-bar deposits, abandoned channels, and finer textured swales and backswamps. The resulting topographic heterogeneity created commensurate diversity in hydrologic, biogeochemical, and vegetation patterns Patrick 1992, Hodges 1997) .
The hydrology of the MAV has been modified at the landscape scale through river channelization, artificial drainage, and flood control levees. These hydrologic modifications have lowered peak-stage heights, reduced both the frequency and extent of flooding, and reduced the sediment load compared with pre-disturbance conditions (Frederickson 1979 , Biedenharn et al. 2000 . This has altered the natural flood-pulse cycle where water, sediments, and nutrients are supplied to floodplain ecosystems through seasonal (winter and spring) overbank and backwater flooding followed by dry periods in the fall of the year (Junk et al. 1989, Faulkner and Patrick 1992) . This hydrologic regime dependent on lateral connections to rivers, streams, and bayous was augmented in low-elevation basins with runoff during periods of high rainfall and low evapotranspiration. Levee construction began in 1727, accelerated after the historic 1927 flood, and the ;3500 km of levees has reduced the natural historic floodplain to 10% of its original extent (Mac et al. 1998 , U.S. ACE 2007 . The remaining 90% of the floodplain is disconnected from direct overbank flooding from the Mississippi River, but is still inundated by backwater flooding at high Mississippi River flood stages and runoff from rainfall events.
Biological resources
There are numerous approaches to identifying and classifying forested wetlands (Brown et al. 1979 , Wharton et al. 1982 , Lugo et al. 1990 ; however, Brinson's (1993) synthetic approach using geomorphic and hydrodynamic characteristics provided a system defined by the primary drivers of wetland functions. This classification system has been expanded to the hydrogeomorphic (HGM) functional assessment meth- odology that groups wetlands into similar classes and defines thresholds based on reference wetlands within each class (Smith et al. 1995 , Clairain 2002 .
Forested wetlands in the MAV can be classified as depressional, riverine, fringe, or flats. Depressional wetlands are found in areas where runoff from precipitation accumulates and remains for much of the growing season and are typically densely vegetated with baldcypress (Taxodium distichum), water tupelo (Nyssa aquatica), overcup oak (Quercus lyrata), or buttonbush (Cephalanthus occidentalis) (Klimas et al. 2005) . As the name implies, riverine wetlands are hydrologically connected to and regularly flooded by river and stream flows. Dominant overstory vegetation in these wetlands ranges from baldcypress-water tupelo to less floodtolerant species like sweetgum (Liquidambar styraciflua) and sugarberry (Celtis laevigata), depending on flooding frequency and duration (Wharton et al. 1982 , Hodges 1997 . Fringe wetlands are found along the edges of permanent water bodies with !2 m of open water and are dominated by flood-tolerant baldcypress, black willow, and buttonbush (Klimas et al. 2005) . With the extensive flood-protection levees, many areas within the MAV that were formerly riverine wetlands no longer receive overbank flooding and are now classified as flats. These areas retain the riverine vegetation, but are primarily precipitation-driven and do not have geomorphic features to hold water that would classify them as depressions (Klimas et al. 2005) .
Birds are a conspicuous element of forested wetlands, and are widely appreciated for their game and nongame value. Forests in the MAV are used throughout the year and are important for four different bird groups: residents, wintering, transient migrants, and breeding migrants. At least 70 species of birds breed regularly in forested wetlands of the MAV and ;30 of these are Nearctic-Neotropical migrant landbirds. At specific sites, from 48% to 65% of species recorded are Nearctic-Neotropical migrants (Pashley and Barrow 1993) . Individual game species that use forested wetlands have been the most studied, including Wood Duck, dependent year-round on wooded swamps, and Mallards, which use bottomland hardwoods extensively in winter. Much less is known about most nongame species. For this reason, and because most of the conservation practices in the MAV are focused on ecosystem services associated with forests, we will aim our discussion toward migratory landbirds that use wooded habitats of the MAV.
Amphibians often represent a large and significant fraction of vertebrate biomass in freshwater and terrestrial habitats and, as such, play an important role in many key ecosystem processes (e.g., Welsh and Droege 2001 , Davic and Welsh 2004 . A total of 25 species of anurans (frogs and toads) and 18 species of salamanders (27% and 11%, respectively, of all species of amphibians in the United States) occur in the MAV (see USGS National Amphibian Atlas for distributions [available online] 4 and the Global Amphibian Assessment). Because amphibian reproduction is so tightly tied with the aquatic habitat, changes in hydrology are one of the biggest considerations for conservation practices and programs designed to restore habitat to suitable conditions for amphibians. Various types of wetlands are considered ''optimal'' habitat for 96% of anurans and 76% of the salamanders found in the MAV (Bailey et al. 2006) and are therefore important for the persistence of amphibians in this region.
Amphibians provide an important ecosystem service as ''sentinels'' of ecosystem integrity (Davic and Welsh 2004 , but see Kerby et al. 2009 ). Ecosystem processes such as moisture cycling, food web dynamics, and succession, with their related structural and microclimatic variability, all affect forest biodiversity and may affect salamander populations as well (Welsh and Droege 2001) . Compared to other stream biota, many stream-dwelling amphibians possess key attributes that make them more tractable and reliable indicators of potential biotic diversity in stream ecosystems; thus, their relative abundance can be a useful indicator of stream condition (Welsh and Ollivier 1998) . Pondbreeding salamanders (family Ambystomatidae) also play important roles in forested wetlands, where they can provide a considerable input of labile materials to detrital food webs and facilitate the rapid recycling of energy and materials within ponds, as well as the transfer of energy between wetlands and the surrounding upland habitat .
Historically, black bears (Ursus americanus) were found throughout the MAV (Hall 1981) ; however, the extensive forest loss and fragmentation has separated the black bear into five relatively isolated breeding populations found in Arkansas and Louisiana (Clark et al. 2006) . Habitat fragmentation can affect natural movement patterns, create barriers to immigration and emigration that can affect population demographics and genetic integrity, and can limit the potential for population expansion (Clark et al. 2006) .
This habitat loss and extended impacts resulted in the U.S. Fish and Wildlife Service listing the Louisiana black bear (Ursus americanus luteolu) as ''threatened'' under the Endangered Species Act in 1992 (U.S. FWS 1992) . Their activities are centered in forested habitat (Weaver 1999 ), but bears utilize a variety of habitat types to meet their daily needs for food and shelter. Black bear home ranges are on the order of thousands of hectares (Weaver 1999) and their configuration (especially for females) appears to be influenced by available forest cover (Marchinton 1995) .
CONSERVATION PRACTICES AND PROGRAMS
The USDA Natural Resource Conservation Service (NRCS) is the federal agency responsible for developing conservation practices and their associated technical standards and specifications. Practices are selected to address the adverse effects of land management decisions on natural resources on individual tracts of agricultural land. There were 68 different conservation practices applied to a combined total of 1.27 million ha in the MAV between 2000 and 2006; however, only 16 different practices accounted for 92% of the total (Table  1) . Of these 16 practices, only three are directly related to wetlands and were applied on 102 000 ha: Wetland Wildlife Habitat Management, Wetland Restoration, and Riparian Forest Buffer. The Wetland Wildlife Habitat Management conservation practice was the most extensive wetland-related practice and was applied to 45 347 ha (4% of all practices). The purpose of this practice is to maintain, develop, or improve habitat for waterfowl, furbearers, or other wetland-associated flora and fauna. This practice can be accomplished with native plants, but in the MAV it often involves managing crawfish as a wildlife food source via the use of crawfish farming: permanent and rotational. Approximately 85% of the total Wetland Wildlife Habitat Management practice hectares were applied through the Conservation Technical Assistance (CTA), Environmental Quality Incentives Program (EQIP), and the Wetlands Reserve Program (WRP) ( Table 2) .
Wetland Restoration was applied to 41 393 ha across the MAV (Table 1 ) and involved restoring hydric soil conditions, hydrologic conditions, hydrophytic plant communities, and wetland functions that occurred on the disturbed wetland site prior to modification to the extent practicable. This involves restoring native plant communities on hydric soils by planting/seeding and installing plugs and/or water control structures, and/or dikes to restore hydrology. This may also require removing or breeching any structures preventing backwater flooding. Eighty-four percent of the total Wetland Restoration hectares were applied in two programs: WRP and CRP ( Table 2) .
The Riparian Forest Buffer practice has multiple objectives, but the primary ones are to (1) improve habitat for aquatic organisms by creating shade to lower water temperatures and providing a source of detritus and large woody debris; (2) create wildlife habitat and establish wildlife corridors; (3) reduce excess amounts of sediment, organic material, nutrients, and pesticides in surface runoff; (4) restore natural riparian plant communities; and (5) increase carbon storage in plant biomass and soils. The CRP accounted for almost all of the practice hectares (Table 2) and is achieved by using natural or artificial regeneration of native trees and shrubs.
The majority (;91%) of the remaining 13 practices are not wetland-specific practices and are often implemented on active croplands or uplands that are not cropped or on uplands associated with conservation lands (e.g., uplands enrolled in WHIP or WRP). While these practices are not designed to directly enhance wetland ecosystem services, they may have indirect effects on wetlands. Reduction of erosion is the primary purpose of the most commonly applied practice, Conservation Crop Rotation, and the following practices: Residue Management (both Seasonal and No-Till/Strip Till), Conservation Cover, Tree/Shrub Establishment/Site Preparation, Irrigation Land Leveling, and Prescribed Grazing. This is achieved by managing the types of vegetative cover or crops planted and minimizing soil disturbance during agricultural production or various conservation activities. Nutrient Management, Pest Management, and Irrigation Water Management are the most common practices after Conservation Crop Rotation and combined account for 39% of the total practices applied. These involve a wide range of management activities designed to minimize negative impacts while improving commodity production. The Upland Wildlife Habitat Management practice also allows a variety of management activities designed to enhance wildlife habitat in uplands, while the Use Exclusion practice minimizes detrimental impacts by preventing human or livestock activity in a given area.
EFFECTS OF CONSERVATION PRACTICES ON WETLANDS
Many of the conservation practices involve the same or similar methods with respect to the actual actions on the landscape and the intended conservation benefits resulting from implementing the practice. In order to fully evaluate the effects of conservation practices on wetlands, it is necessary to understand the direct relationship between actions associated with a given practice and the driver(s) controlling a specific ecosystem service (e.g., habitat for a particular species) in addition to more general, indirect effects (e.g., refores- (Lancaster 2008) . This makes it difficult to collect the data necessary to quantify relationships between ecosystem structure, specific practices, and resulting effects on ecosystem services. Monitoring of projects in conservation programs like WRP at the national scale are often limited to more operational compliance issues such as easement boundaries and authorized land uses (USDA NRCS 2008) . Even this level of monitoring appears minimal, as one review found that 88% of the 153 sampled WRP easements were not monitored annually as required (USDA OIG 2008) . Insufficient monitoring of projects is a consistent weakness in evaluating outcomes of restoration projects and conservation practices (Bernhardt et al. 2005 .
Upland conservation practices
The dominant impact of agricultural land on wetlands and aquatic ecosystems is the deposition of sediment and nutrients (U.S. EPA 2007) , and the MAV is one of three regions nationwide with the greatest potential to discharge sediments from croplands (Ribaudo and Johansson 2006) . Overland flow is the primary pathway of phosphorus transport from agricultural land (Sharpley et al. 2000) and it is dominantly in the particulate form bound to sediment particles (Baker 1992 , NRC 2000 . Consequently, it is not surprising that the purpose of most of the upland conservation practices in the MAV (Table 1) is the reduction of soil erosion through more effective management of cropland activity and vegetation. While sediment and nutrient retention is one of the ecosystem services provided by forested wetlands (Phillips 1989 , Johnston 1991 , Kleiss 1996 , Zedler 2003 , they have a finite capacity, and too much sediment can affect wetland structure, sustainability, and functions. High and sustained levels of sediment may permanently alter community diversity, density, biomass, growth, and aquatic food webs and habitat (Henley et al. 2000, Oswalt and King 2005) . Tree species vary in their ability to tolerate sedimentation (Pierce and King 2007) ; however, the complex interactions between sedimentation, flooding, and seedling establishment and growth are poorly understood Brooks 1998, Walls et al. 2005) . In addition to sediment-induced changes in vegetation, there are complex feedbacks where the new vegetation alters sedimentation rates and patterns (McKenney et al. 1995, Bendix and Hupp 2000) .
While forested wetlands function as sinks for sediments and phosphorus (Walbridge 1993, Lockaby and Walbridge 1998) , the assimilative capacity of these systems for phosphorus and its effects on ecosystem processes is not well studied. Despite the absence of direct studies, it is reasonable to conclude that current phosphorus loadings exceed historic levels under which these forested wetlands developed given the landscapescale deforestation with concomitant increases in overland flow and nutrient loading Rabalais 2003, 2004) . In other wetland systems, excessive phosphorus has detrimental impacts on wetland structure and function, and threshold values have been calculated based on long-term loading data Qian 1999, Richardson et al. 2007 ). Therefore, conservation practices designed to reduce erosion and sediment runoff will likely have similar beneficial effects from reducing phosphorus inputs to forested wetlands in the MAV.
The primary environmental benefit of upland conservation practices (Table 1) is the reduction of soil erosion by minimizing the surface area of bare ground (through better residue management or cover crops) and soil disturbance (through no-till systems and use exclusion) (Reeder and Westermann 2006) . In the only directly comparable study in the MAV, Cullum et al. (2006) reported reductions of 34-59% for total sediments and 31-55% in phosphorus in Mississippi Delta oxbow lakes following implementation of reduced tillage and residue management practices.
Wetland conservation practices
The three conservation practices directly applied to former wetlands in the MAV are Wetland Wildlife Habitat Management (also applied to existing natural wetlands), Wetland Restoration, and Riparian Forest Buffer. In order to evaluate the effects of any specific practice on wetlands, it is necessary to understand the linkages between the two. Management actions like conservation practices are only a causative mechanism for the restoration of ecosystem services when they enhance or facilitate the processes responsible for those services (Fig. 2) . Wetland hydrology is the primary driver that controls structure and functions, and distinguishes forested wetlands from other forest types (Hodges 1997, Brinson and Rheinhardt 1998) . The hydrologic regimes of forested wetlands in the MAV range from permanently to rarely inundated with different plant communities and biogeochemical processes across the flooding gradient Patrick 1992, Klimas et al. 2005) .
Restoration of native wetland plants, primarily trees, is common to all three of the wetland practices with extensive and direct effects on provisioning (biodiversity, habitat quality) and supporting (biomass production) services; therefore, we discuss these effects on forest structure and wildlife habitat in the first section below. The actions of the wetland practices related to restoring hydrologic and hydric soil conditions are the ones with the greatest potential to directly affect ecosystem services like nutrient retention (Fig. 2) , and we discuss those effects separately under Regulating services.
Habitat restoration.-Replanting of bottomland hardwood forests on marginal agriculture land was initiated on state and federal lands managed for wildlife in the late 1960s (Haynes and Moore 1988) . The majority of afforested fields have been frequently flooded, lowelevation sites since the higher ridge positions are more valuable in row crop agriculture. Evaluation of these early efforts demonstrated that reforesting agricultural fields by either direct seeding or planting bare-root seedlings was possible, but with variable survival (Kaszkurewicz and Burns 1960 , Johnson and Krinard 1987 , Allen 1990 , Haynes et al. 1995 , Schweitzer and Stanturf 1999 , Lockhart et al. 2003 . Initial efforts restricted plantings to a few species of oaks (Quercus texana, Q. falcata var. pagodaefolia, Q. phellos, and Q. nigra), with the expectation that additional species would invade naturally (Haynes and Moore 1988, Allen 1990 ). More recent efforts have expanded the species mix as studies showed mixed results with increasing species diversity through natural invasion (Wilson et al. 2005 ), but oaks still dominate reforestation efforts in the MAV (Twedt 2004) .
Although several studies have examined the success of reforestation (Allen 1997 , King and Keeland 1999 , Twedt et al. 2002 , only a few have directly addressed reforestation on properties enrolled in conservation programs in the MAV. The primary measure is seedling or tree density with a minimum of 309 to 563 trees/ha at age three, depending on the agency or program involved (Wilson et al. 2005) . Although one early study of WRP lands in Mississippi found only 9% met the operational requirement of 309 live seedlings/ha after 31 months (Schweitzer and Stanturf 1999) , there are few quantitative measurements since there is no systematic monitoring of these projects.
1. Migratory birds.-The replacement of bottomland forest habitat with agricultural cropland has had significant effects on waterfowl and forest birds, including changes in bird abundance and distribution (Hunter et al. 1993 , Twedt et al. 1999a , b, Burger 2000 . Vegetation patterns on MAV landscapes originally developed as a result of hydrologic processes associated with each fluvial landform (Hupp and Osterkamp 1985) . Several studies indicate that the number, size, and distributional pattern of these fluvial landforms will, at least in part, determine the distribution and abundance of birds inhabiting forests of the MAV (Dickson 1988 , Barrow 1990 , Wakeley and Roberts 1996 .
Because many migrant landbirds tend to select certain configurations of vegetation in forested wetlands (Dickson 1988 , Barrow 1990 ), forest restoration practices will likely effect bird distribution and abundance within reforested sites. At time scales of the order of tens or hundreds of years, forests are extremely dynamic in the habitat attributes that influence migrant bird distributions within forest patches (Shugart 1990 ). Because almost all reforestation resulting from USDA conservation practices implemented through various Farm Bill conservation programs are ,17 years old, few sites support important microhabitat features characteristic of historic forested wetlands such as extensive vine tangles or canebrakes. Variation in forest stand height is an important feature of a developing forest, and forest stands on WRP lands with greater vertical structure resulting from faster growing trees (e.g., eastern cottonwood, Populus deltoides) supported more bird species with greater densities than did those planted with slower growing oaks (Twedt et al. 2002) . However, higher levels of nest predation and parasitism for some species have been reported in managed cottonwood stands (Twedt et al. 2002) . Grassland birds (e.g., Dickcissel and Eastern Meadowlark) were able to breed in WRP lands with forest ,10 years old; young hardwood stands (,4 years old) supported breeding Northern Bobwhites; whereas hardwood stands in the 5-15-year-old range had the capacity to support shrub-inhabiting birds (e.g., Indigo Bunting) and early-successional forest birds, such as Warbling Vireo, Yellow-breasted Chat, Indigo Bunting, and Common Yellowthroat (Nuttle and Burger 1996, Twedt et al. 2002) .
2. Amphibians.-Amphibians provide a variety of ecological functions that may enhance the provisioning and supporting services of wetland and upland ecosystems (Davic and Welsh 2004 regulating species diversity within their functional group. Keystone species, such as the Eastern newt, Notophthalmus viridescens (Morin 1981 , Fauth and Resetarits 1991 , Fauth 1999 , can regulate the diversity of prey species at lower trophic levels. Carnivorous amphibians feed on invertebrate decomposers and, as predators of small herbivorous invertebrates and vertebrates, salamanders can also influence primary production in wetlands (Davic and Welsh 2004) . The consequences of land use related changes in habitat have been well documented for amphibians, although the ecological mechanisms by which these changes may lead to population declines are not understood (Gardner et al. 2007 , but see Semlitsch et al. 2009 ). Little is known of the impacts of specific conservation practices in agricultural watersheds of the MAV on amphibian populations. Studies from other areas have examined the responses of amphibians to (1) buffer zones in riparian areas, (2) wetland creation/enhancement/restoration, and (3) upland/wetland wildlife habitat management. In the MAV, these practices comprise a relatively small percentage of the areal extent of all USDA conservation practices (Table 1 ), yet these are the most valuable practices for restoring degraded wetlands to habitat that is suitable for amphibians.
Wetland loss is particularly harmful to amphibians because of the abundance of these habitats and the high species diversity they typically contain (Semlitsch 2000 , Russell et al. 2002 . Alteration of wetland hydrology can cause ponds to dry prematurely (if hydroperiod is shortened) or increase the risk of predation (if lengthened), thus threatening both larval survival and metamorphosis (Semlitsch 2000) . Comprehensive recommendations for the design and restoration of wetlands exist (e.g., Richter 1997 , Semlitsch 2000 , and there are several studies of the effects of wetland restoration on amphibians (e.g., Pechmann et al. 2001 , Petranka et al. 2003a , b, 2007 , Vasconcelos and Calhoun 2006 . To our knowledge, however, no such studies have been conducted in the MAV. A few restoration efforts have been monitored for 8-13 years post-restoration (Pechmann et al. 2001 , Petranka et al. 2003a , b, 2007 , Homyack and Haas 2009 but, largely, such long-term monitoring is limited.
Effects of forestry practices, such as clear-cutting, and associated changes in forest cover, fragmentation, and connectivity vary depending on the taxa involved (Thompson et al. 2003, Morris and Maret 2007) . Plethodontid salamanders decline following clear-cutting and are less abundant in young stands compared with mature forest stands (see references in Petranka 1998), with long recovery times (Morris and Maret 2007 , Crawford and Semlitsch 2008 , Homyack and Hass 2009 . There are few, if any, reports of the effects of forestry practices on amphibians in the MAV. Embedded wetlands, vegetated stream banks, wooded slopes adjacent to fields, constructed ponds, and even fence rows and irrigation ditches in agricultural areas may provide important alternative breeding habitat and/ or function as corridors in agricultural and other disturbed landscapes (Knutson et al. 2004 , Mazerolle 2004 , Miaud and Sanuy 2005 , Bailey et al. 2006 Riedel et al. 2008 ). In the MAV, agricultural lands are considered ''suitable'' habitat for 45% of 25 species of anurans (Bailey et al. 2006) . Both population models and empirical studies have generally demonstrated a negative association between agriculture and amphibian use of breeding wetlands (Rustigian et al. 2003 , Babbitt et al. 2005 , Johansson et al. 2005 , Sasaki et al. 2005 , Anderson and Arruda 2006 , but see Gray et al. 2004) . Conservation practices can mitigate historical habitat degradation, however, such as that associated with most production agriculture activities, and potentially restore amphibian biodiversity (Gibbons et al. 2006) .
Regulating services.-The nutrient-retention benefits of riparian forest buffers and forested wetlands have been well documented since the seminal studies by Peterjohn and Correll (1984) and Lowrance et al. (1984) . Additional studies have quantified nutrient impacts primarily in natural forests (Groffman et al. 1992 , Walbridge and Lockaby 1994 , Hill 1996 , Lowrance et al. 1997 , Clement et al. 2002 . Riparian forest buffers and forested wetlands are uniquely suited to mitigate the negative impacts of nonpoint source pollution. Their landscape position and biogeochemical properties give them both the opportunity and mechanisms to alter pollutant loadings to aquatic ecosystems (Johnston 1991) . Nitrogen (N) and phosphorus (P) have different chemical characteristics and different controls on their fate and transport. This means that conservation practices designed to retain N and P have to affect different processes responsible for nutrient retention in order to link specific actions to ecosystem services (Fig.  2) . Phosphorus is primarily attached to sediments and removed by sedimentation and sorption processes (Sharpley et al. 2000) , while denitrification is considered the primary NO 3 -N removal mechanism in riparian buffers and forested wetlands (Pinay et al. 1993 , Groffman 1994 , Verchot et al. 1997 , Vellidis et al. 2003 . Anaerobic conditions caused by flooding and saturated soils are a prerequisite for microbial denitrifiers to use NO 3 -N instead of oxygen in the denitrification process, while pH, labile (microbially available) carbon source, NO 3 -N availability, and temperature control the rate of denitrification (Tiedje 1982, Reddy and Patrick 1984) .
The complex interactions of hydrology, soil type, nutrient loadings, and landscape position create the variability in specific ecosystem processes found in natural wetlands (even within a wetland class), and there is a wide range in reported nutrient retention rates due to differences in specific processes controlling those rates (Faulkner and Richardson 1989 , Reddy et al. 1999 , Novak et al. 2004 , Lowrance et al. 2006 ). This natural variation makes it difficult to quantify specific responses to conservation practices. For example, denitrification rates in natural forested wetlands ranged from ,1 to .800 kg NÁha À1 Áyr À1 (Mitsch et al. 2001 , Lowrance et al. 2006 . Phosphorus retention in natural wetlands ranged from 1.4 to 36 kg P/ha (Walbridge and Lockaby 1994, Richardson and Qian 1999) , while constructed wetlands designed for nutrient removal in agricultural watersheds can retain up to several hundred kilograms per hectare Knight 1996, Braskerud 2002) .
The extensive ditching, leveling, and drainage in the MAV makes restoring wetland hydrologic regimes a more difficult and costly endeavor than simply planting trees. There are few studies evaluating the effects of conservation practices specific to bottomland forests in the MAV beyond the wildlife benefits of biodiversity and habitat quality Keeland 1999, King et al. 2006) . The primary method of plugging drainage features within the wetland can pond water on the soil surface and create anaerobic conditions important to biogeochemical nutrient transformations. However, this does not restore the hydrologic connectivity to the watershed that is critical the retention of sediments and nutrients in floodplain forests Stanley 2005, Noe and Hupp 2005) . Re-creating the microtopography of natural riparian forests is not a standard wetland conservation practice, but the hydrologic and nutrient heterogeneity resulting from such an activity is important if the goal is to restore wetland structure and function (Bruland and Richardson 2009 ). In addition, the Wetlands Reserve Program, which supports the highest number of the Wetland Restoration practices in the MAV, allows for up to 30% of the restored wetland acreage to establish different hydrologic regimes than what was originally present. All of these factors limit the ability of the wetland conservation practices to effectively restore the flood-pulse hydrology of these riparian forests.
The few published studies relevant to regulating services in the MAV reinforce the importance of process-level controls like wetland hydrology or labile C content. Hunter and Faulkner (2001) found significantly greater denitrification potentials in WRP sites with restored hydrology compared to WRP sites with no hydrologic restoration. Ullah and Faulkner (2006) reported that restored bottomland forests had a higher denitrification potential rate than adjacent croplands; however, it was significantly lower than in nearby natural bottomland forests. Given the time required to fully develop ecologically functional forests (Henry et al. 2002, Ruiz-Jean and Aide 2005) , it is not surprising that structural components like soil C are lower in restored wetlands than natural sites (Craft et al. 1999, Hunter and Faulkner 2001) . Ullah and Faulkner (2006) were able to increase denitrification rates in restored bottomland forests by adding a labile C source: cotton gin waste.
Restored riparian forest buffers are a small component in the MAV (Table 1) ; however, the potential effects of this conservation practice are likely comparable to those reported from other locations. The most comprehensive studies have been conducted by Lowrance and colleagues at the USDA Southeast Watershed Research facility near Tifton, Georgia, USA. In an eight-year study of a multi-zone buffer, 78% of the NO 3 -N and 66% of the total P loadings were retained by the buffer (Vellidis et al. 2003) . These results are similar to other reports (Clausen et al. 2000 , Lee et al. 2003 , Lowrance and Sheridan 2005 .
Ancillary effects of conservation practices.-While the primary objective of the dominant conservation practices in the MAV is restoring wildlife habitat (Table 1) , secondary or ancillary effects are a likely consequence. Restoring structural components with the hope that they will eventually lead to some expanded level of functional equivalency is a common strategy in ecosystem restoration (NRC 1992 , Palmer et al. 1997 . Within the range of environmental constraints like flooding/shade tolerance or soil texture, there are ;70 different tree species that could be planted when restoring floodplain forests in the MAV (Putnam et al. 1960) . Restricting habitat restoration to a few species of oak and hickory may have significant ramifications depending on the desired future conditions and overall restoration goals.
Many bird species have preferences related to stem density, vertical structural attributes, or specific habitats like cypress brakes (Tirpak et al. 2009 ). Conservation practices affecting these attributes directly influence habitat quality and thus the distribution and abundance of Nearctic-Neotropical migrant landbirds in the MAV (Barrow 1990, Pashley and Barrow 1993) . Breeding birds are often associated with specific wetland types with reported differences in use among depressional (overcup oak-bitter pecan), riverine/flat (sweetgumwater oak-American elm), and fringe (baldcypressdominated oxbow lake edges) wetlands (Barrow 1990 ). Restoration of these diverse habitat types and structures is complimentary with the habitat needs of the Louisiana black bear. Bears frequently use forested areas and scrub-shrub habitat as escape cover and as resting sites or ''daybeds'' (Weaver et al. 1990 ). Thick understory found in forests and adjacent areas provides high-quality escape cover, which is considered especially critical where fragmented habitats put bear populations in closer proximity to humans. Acorns and other hard mast are important food items for black bears (Pelton 1986 , Benson 2005 .
In contrast, anuran species richness in the MAV is primarily dependent on microhabitat characteristics related to hydrology and herbaceous vegetation as opposed to woody-plant density or species composition (Lichtenburg et al. 2006) . There is also no direct biogeochemical effect on NO 3 removal via denitrification as a function of forest structure. However, hydrologic restoration designed to increase denitrification rates by increasing the extent and duration of inundation would likely have positive synergistic effects on amphibian habitat. Clearly articulating specific goals and objectives, while recognizing where these interactions do and do not exist, will improve outcomes for these conservation programs and practices.
The landscape perspective.-There are obvious direct effects on wetland functions and services resulting from the extensive alterations of natural ecosystems in the MAV. Conservation programs like WRP and CRP are primarily designed to offset the detrimental impacts at the patch or project scale, but need to incorporate landscape-scale components to maximize their effectiveness. Reconnecting restored riparian wetlands to upland areas is critical to restoring large-scale nutrient retention and transformation functions in agricultural watersheds. Plugging drainage ditches within the field does not restore the overbank or backwater flooding regimes that carried nutrients and sediments into the historic riparian forest. Another aspect that is overlooked is the loss of topographic heterogeneity when these bottomland forests were cleared and leveled. The patterns of ridges and swales across the presettlement landscape provided heterogeneity in hydrologic, biogeochemical, and biotic processes (Bruland and Richardson 2009 ). Effective conservation practices need to plan and implement mechanisms that re-create the complex microtopography needed to restore a variety of habitats and services across the landscape.
Landscape effects and the response to landscape structure (fragmentation) across physiographic strata differ among the resident, wintering, transient migrant, and breeding migrant bird groups (Flather and Sauer 1996 , Buler et al. 2007 ). Only in the last decade have conservationists considered landscapescale influences on bird use of MAV forests (Twedt et al. 1999b) ; however, researchers have not had adequate time to fully test the assumptions associated with this approach. The Partners In Flight (PIF) Bird Conservation Plan for the MAV established a habitat goal to maintain or reforest .1.5 million ha of mostly mature forested wetlands (Twedt et al. 1999a) . This included at least 13 patches .40 500 ha each and 36 patches .8100 ha based on size requirements of forest breeding birds. Twedt et al. (2006) developed a spatially explicit model to help prioritize forest restoration sites targeting conservation practices on farmland that enlarge core forest habitat or connects adjacent patches. To date, lands enrolled in WRP have made some contribution to the PIF conservation plan for the MAV. For instance, 50 of the 87 Bird Conservation Areas have met core habitat objectives for either small (2100 ha), medium (5200), or large (34 000 ha) forest patches . In smaller WRP sites, both diversity and productivity decrease; thus, maximizing block size through reforestation efforts is important. As patch size decreases, some species decline or fail to occupy the site because their needs cannot be met (Burke and Nol 2000) . Thus, restored areas targeted for bird conservation should be as large as possible. Establishment of connections to make larger patches of forest should be encouraged to increase connectivity between sites and effectively increase forest size (U.S. FWS 1995 , Vogt et al. 2009 ).
Habitat alteration that disconnects wetlands and other riparian systems from upland terrestrial habitat can strongly affect overall species richness of amphibians, especially those species with aquatic larvae (Becker et al. 2007 (Becker et al. , 2009 . Conservation practices that enhance the quality of amphibian habitat by restoring and protecting riparian zones in both aquatic and terrestrial habitats may ultimately promote amphibian biomass production and overall species richness. Most amphibians (and all that occur in the MAV) have a biphasic life cycle and undergo an ontogenetic shift from aquatic to terrestrial habitats. Thus, the terrestrial habitat surrounding wetlands and other riparian areas is critical to consider in the management of amphibians (Gibbons 2003) . Numerous studies on buffer zones and streamdwelling amphibians in the Pacific Northwest and the Appalachian Mountain region of the USA (e.g., Petranka and Smith 2005 , Crawford and Semlitsch 2007 , Olson and Rugger 2007 , Rundio and Olson 2007 , Peterman and Semlitsch 2009 ) recommend a minimumsized upland buffer to protect stream-dwelling salamanders.
Wetland loss increases the distance between adjacent aquatic habitats, thus altering habitat connectivity, dispersal abilities, and other metapopulation processes (Semlitsch 2000) . Based on known patterns of terrestrial dispersal of many amphibians, metapopulation-level processes likely occur at spatial scales of .1-10 km from a wetland (Semlitsch 2008) . Thus, restoration efforts need to be framed in a landscape context so that upland and wetland conservation efforts are integrated. Despite this obvious necessity, there are few examples of large-scale habitat restoration for amphibians (Petranka et al. 2007 , Rannap et al. 2009 ), although knowledge of the large-scale distribution of individuals (e.g., Trenham and Shaffer 2005) and the effects of landscape elements on amphibians is emerging (Babbitt et al. 2009 , Greenwald et al. 2009a , b, Janin et al. 2009 ).
The Louisiana black bear recovery plan is a landscape-scale approach to forest restoration planning that incorporates Habitat Restoration and Planning Maps (HRPM) to establish permanently protected forest corridors between remnant bear populations (U.S. FWS 1995) . Since 90% of lands within the bear's historic range are privately owned, incentives for private landowners to restore forests through USDA conservation practices are crucial to improving black bear habitat and population viability. The HRPMs are based on a prioritization model for forested wetland ecosystem restoration (Llewellyn et al. 1996) with high-priority restoration areas centered on large forest blocks connected by potential. This approach weights important landscape attributes when ranking applications for enrollment in conservation programs.
CONCLUSIONS
The key to assessing potential impacts of conservation practices is the direct linkage between actions associated with a given practice and controls over ecosystem processes and services. This synthesis of recent research has documented the generally beneficial effects of conservation practices on many ecosystem services in the MAV with several important conclusions. The most common practices are primarily designed to restore wildlife habitat and are not implemented in a way that directly enhances other ecosystem services (e.g., nutrient retention). The Wetland Restoration conservation practice mainly involves planting trees and impounding water without reconnecting the wetland to the hydrologic and nutrient fluxes in the watershed. The critical importance of understanding hydrologic drivers of wetland processes and services is highlighted by the disconnect with a practice like Wetland Wildlife Habitat Management when the result is creating crawfish ponds. These ponds may create habitat for crawfish and other aquatic organisms, but they do not restore the correct hydrologic conditions that allow the restored site to provide the same level of regulating services as natural forested wetlands.
Contemporary forest plantings are likely to develop into even-aged stands of low species diversity (primarily oaks) with little of the structural complexity that historically existed in the MAV. Recently reforested WRP sites have had insufficient time to develop the vertical structure inherent in older stands. Without appropriate intervention, however, it will take hundreds of years for these forests to develop the unique habitat features of historic forests. Given the broad-scale changes in hydrology and topography, it is unlikely that time alone will restore the ecological complexity of the presettlement riparian forest. For example, topographic variability provided by ridges and swales can only be re-created in a leveled agricultural field through practices specifically designed to create those features. The natural processes that originally made those features no longer exist in this landscape. Management of planted stands will be necessary to restore and sustain uneven-aged, multispecies forests that are more similar to the historic ecosystem. More research studies consistent with the timescale of mature forest development are needed to evaluate the long-term benefits of current planting practices.
The actual implementation of a particular practice on the ground is an obvious source of variation in project success, but with little to no follow-up monitoring of projects (U.S. House Committee on Agriculture 2009), it is difficult to know how much variability exists for any given practice throughout a watershed or landscape. The combination of an annually increasing number of conservation easements and decreases in USDA field staff resources has resulted in limited monitoring of easement compliance or the efficacy of conservation practices in restoring ecosystem services (USDA OIG 2008) . Programmatic and technical decisions made without the benefit of research and monitoring to support their implementation and continuance may ultimately hinder recovery of wetland systems in the MAV and the optimal level of ecosystem services they can provide.
Finally, restoration efforts have not embraced a landscape perspective that integrates upland and wetland conservation efforts and recognizes spatially relevant linkages. The effectiveness of restoring complex services like nutrient retention or wildlife habitat for multiple taxa is dependent upon both local factors and larger scale attributes like location in the watershed and hydrologic connectivity Gosselink 2000, Dosskey et al. 2005) . More studies evaluating the interactions between upland and wetland habitats and the effects of landscape-scale patterns and processes are needed.
